Although there is a vast literature on early mother-infant interaction, there are fewer studies that investigate mother-infant behaviors immediately after delivery in natural conditions. Our aim was to investigate early mother-infant interaction as a function of mothers' emotional states, infants' sex and weight, and hospital procedures. Newborns were filmed when placed naked on their mother's chests (N = 60). Maternal (caress) and infant behaviors (crying and calming down) were coded every 10 seconds using Interact software. Mothers reported their emotional state, 1-2 days after delivery, using a five-point Likert scale, and answered the Edinburgh Postnatal Scale at 4-16 weeks postpartum. Multiple Ordinal Regressions considered maternal emotional conditions (emotional state and postpartum depression), infant's sex and weight, and hospital procedures (childbirth type and skin-to-skin contact) as independent variables, and the frequency of maternal and infant behaviors as outcome variables. Infants from mothers feeling 'great' and not at risk for depression were less likely to cry as compared to their counterparts. Mothers were more likely to caress their sons than their daughters. Boys were more likely to cry and less likely to calm than girls. Newborn weight and skin-to-skin contact were positively associated with infants' calming down. Infants cried more after normal delivery than after instrumental delivery. Our results showed that mother-infant early interactions are influenced by multiple levels and suggest hormonal influences during pregnancy.
INTRODUCTION

Prenatal development
Infants demonstrate a capacity to stimulate social interactions from a very early age (Ribeiro, Bussab & Otta, 2004) . This ability for social interaction, present in newborns, suggests that these behaviors were selected through evolution by increasing the chance of survival of these individuals, who are born totally dependent on the availability of care by an adult.
Concerning human prenatal development, it is known that fetuses are active and develop in a stimulating environment. At the moment of delivery, newborns have already had present an important set of experiences, accumulated during the period of intrauterine development, especially tactile and auditory experiences from the rhythms of the mother's body, and they have been affected by other factors including maternal diet, and the hormones released by her. At only 21 weeks of gestation, they show an increase in movements of arms, head, and mouth in response to maternal touch of the womb and a decrease in movements of head and arms in reaction to the mother's voice (Marx & Nagy, 2015) .
Touch and affect
According to Feldman, Singer and Zagoory (2010) physical contact and parental touch have the effect of organizing the behavior and physiology of newborns suggesting that it may have significant survival value. Research with rats has shown that tactile stimulation and breastfeeding increase a resilience response to stress associated with hormonal regulation in neonatal rats. Michael Meaney was one of the first researchers to identify the importance of maternal care in altering the expression of genes that regulate behavioral and neuroendocrine responses associated with stress in rats. Lower frequency of maternal care behaviors in rats was associated with hormonal alteration that resulted in an increase in the physiological response to stress, making the individuals more frightened and defensive (Liu et al., 1997; Meaney, 2010) . In humans, caressing and comforting is of special importance in promoting a sense of being valued. This influences the child's emotional and social development and serves as pre-linguistic communication of affect (Anisfeld, Casper, Nozyce, Cunningham, 1990) .
Maternal emotional state and their effects on early mother-infant interaction
Researchers have been investigating the effect of maternal characteristics measured during gestation, such as depression and anxiety on postnatal newborn's behavior (Hepper, 2015) , and the analysis of fetal behavior indicates differences in physiological and behavioral responses. Compared to fetuses of non-depressed mothers, higher basal heart rate was observed in depressed mothers' fetuses, as well as a higher level of motor activity during the second and third trimester of pregnancy, and decreased behavioral response at the end of gestation (Dieter, Emory, Johnson & Raynor, 2008; Allister, Lester, Carr & Liu, 2001) .
The mechanisms by which maternal emotional status may interfere with fetal development during gestation are not yet understood. Among the most studied . Early mother-infant interaction after delivery: A naturalistic study Human Ethology, 34, [130] [131] [132] [133] [134] [135] [136] [137] [138] [139] [140] [141] [142] [143] hypotheses, derived from results with nonhuman animals, is that stress or anxiety increases the transmission of maternal cortisol through the placenta (O'Donnell & Glover, 2008 ; Graignic-Philippe, Dayan, Chokron, Jacquet &Tordjman, 2014).
Infant's sex and weight and their effects on early mother-infant interaction
Sex and birth weight are likely to be relevant variables affecting early mother-baby interaction and involved in the regulation of maternal behavior. Mother-father-infant interaction 6-48 hour postpartum has indicated that both mothers and fathers affectionately touched their sons more than their daughters (Parke; 1972) . Davis and Emory (1995) found different reactions among 36 infants with a mean age of 31 hours on a medium-stress medical procedure. Male newborns had an increase in cortisol concentration compared to females. The review by Campbell and Eaton (1999) , considering 46 studies with infants between zero and twelve months, shows that males have more motor activity compared to females. Under the 'still-face' paradigm five-six month old boys exhibited a higher level of activity and excitement and a greater expression of negative emotions than girls (Weinberg, Tronick, Cohn & Olson, 1999) . The present study is the first research, as far as we know, that observes differences in neonate behaviors as a function of sex in the first minutes of life.
There are many studies showing the importance of maternal contact (skin-to-skin and gentle touch) to the development of low birth weight and preterm infants (Weiss, Wilson & Morrison, 2004 , Boundy et al, 2016 . However, there are no studies, as far as we know, describing how the frequency of mothers touching their infants is associated with their weight.
Hospital procedures and their effects on early mother-infant interaction
Skin-to-skin contact is recommended to low birth newborns in order to promote greater physiological stability, better temperature and oxygen regulation, maturation of the autonomic nervous system and circadian rhythm (Feldman & Eidelman, 2003) , increased stability in sleep patterns, and also to stimulate breastfeeding (Boundy et al, 2016) . Higher vocalization of the parents towards their newborns and lower infant body activity were observed when the dyad was in skin-to-skin contact (Velandia, Matthisen, Uvnäs-Moberg & Nissen, 2010) . Recent evidence supports the recommendation of skinto-skin contact for all healthy, full-term babies and not only for those born with low birth weight (Cleveland et al., 2017) .
There is no consensus in the literature regarding the influence of type of delivery (vaginal delivery and cesarean section) on the quality of mother-baby interaction. Considering vaginal deliveries there is also the instrumental delivery or forceps delivery, which are accomplished with the help of instruments (vacuum or forceps). Cesarean delivery has been associated with a lower frequency of positive reactions to babies and less interaction between mothers and newborns as compared to mothers who had vaginal deliveries (DiMatteo et al., 1996; Rowe-Murray & Fischer, 2001) . However, others studies did not observe these differences according to type of delivery (Gottlieb & Barrett, 1986; Siddiqui & Hägglöf, 2000) .
Despite the importance of mother-infant interactions to early development, few studies have analyzed direct observational data of mothers and their newborns immediately after birth (Widström et al., 2011; Figueiredo, Costa, Pacheco & Pais, 2009 , Fleming, Ruble, Flett & Shaul, 1988 Parke, 1972) . The present study involves descriptive data of maternal and infant behaviors in the naturalistic setting of the delivery room immediately after birth. Our aim was to check the impact of mothers' emotional conditions (such as a mother's emotional state and mother who would be subsequently diagnosed as experiencing postpartum depression), newborn sex and weight, and hospital procedures (childbirth types, skin-to-skin contact) on mother-infant interaction in the immediate postpartum period, more specifically on the newborn's behavior (crying and calming down behavior), and the mother's affectionate touch.
Hypotheses
We had three sets of hypotheses regarding maternal and infant sex and weight, and hospital procedures. Concerning maternal characteristics, mothers with negative emotions would caress their infants less, while their infants would cry more and calm less. In relation to infant physical characteristics, male infants would cry more and calm less than female infants, while they would receive more maternal touch. Infants with lower weight would cry more, calm less, and receive more maternal touch. Regarding hospital procedures after birth, skin-to-skin contact would enhance infants' calming and maternal touch and would decrease infants' crying. Normal delivery, compared to instrumental delivery, would enhance infants' crying and decrease infants' calming and maternal touch. . Early mother-infant interaction after delivery: A naturalistic study Human Ethology, 34, 130-143
METHODS
Participants
A total of 60 pregnant women who gave birth at the University Hospital between the years of 2006-2008 and agreed to participate. The research was approved by the Research Ethics Committee (CAAE: 0051.0.198.000-06).
Procedures
With the consent of mothers and obstetricians, nurses recorded the moment of birth and immediate postpartum behaviour, when the newborn was positioned on the mother's chest. Recording of mother-infant interaction continued while the umbilical cord was cut, the placenta expelled, and continued until the newborn was taken by the nurses. During recording, mothers remained lying on the hospital bed in the delivery room with the babies on their chests.
Behavior coding
The behavior categories were defined based on previous mother-infant interaction studies (Parke, Grossman & Tinsley, 1981; Fleming, Flett, Ruble & Shaul, 1988) . Behaviors were coded using Interact software, and 20% of the videos were coded by two researchers blind to participants' identities and their emotional conditions with >0.63 agreement as measured by Cohen's kappa (Viera & Garrett, 2005) . Coding started when the newborn was placed on a woman's chest. Videos had different durations with a mean of two minutes and ten seconds. Percentages of time spent in the performance of each behavior were transformed into ordinal categories, based on quartile distribution: 0-25%; 26-50%; 51-75% and >75%. 
Instruments
One to two days after delivery mothers were asked how they were feeling in a five-point scale formulated for the present study. Edinburgh Postpartum Depression Scale (EDPE) was administered to mothers (Cox, Holden and Sagovsky,1 987) to evaluate the incidence of postpartum depression (PPD) (scores> 12) four to sixteen weeks postpartum (validated in Brazil by Santos et. al.,1995) . Information on delivery conditions and newborn's information was obtained from the medical records of the hospital.
Data analysis
Three Multiple Ordinal Regressions were performed: each of them considered one observed ordinal variable (crying behavior, mothers' caressing and calming behaviors) with a set of six independent variables: newborn's sex and weight; hospital procedures (childbirth type and skin-to-skin contact), and mother's emotional variables (emotional state, asked 1-2 days after delivery, and postpartum depression, measured 4 to 16 weeks after delivery).
RESULTS
Descriptive analyses
Mothers' mean age was 24 years (± 6) and fathers' 28 years (± 7), with an average of 9 years of education (± 2). Most mothers lived with the infant's father (N = 48, 80%) and already had at least one child (N = 32, 53%). Women had on average a 39-week gestation (± 1) and 80% of them (N = 48) had an accompanist during delivery, usually their mothers or the father of the child. Only three women had a cesarean section and were not considered in the analysis due to the small sample. Among those who underwent vaginal delivery, 17 (29%) had instrumental labor. Half of the infants were female (N = 33, 56%), all newborns were of normal weight (>2.500kgs), and had an APGAR score between 9 and 10 evaluated at the tenth minute of life, thus indicating good health.
Infant cry
Ordinal Regression Analysis, considering infant crying as a dependent variable and mother's emotional state, postpartum depression, sex, weight, skin-to-skin contact, and childbirth type as independent variables, was a significant model (X 2 (7)= 19.345, p<0.01, R 2 =41.2) (Table 2) . . Early mother-infant interaction after delivery: A naturalistic study Human Ethology, 34, 130-143 Mother's emotional state and postpartum depression were significant predictors of infant crying behavior. Infants whose mothers were not at risk for postpartum depression were less likely to cry (OR = 0.103; 95% CI; 0.018-0.599) as compared to infants of mothers at risk for postpartum depression. Regarding mother's emotional state, infants of women who answered that they were feeling 'good' were more likely to cry as compared to those who answered that they were feeling 'great' (OR=5.920; 95% CI; 0.991-35.370).
In this same model, infant sex and weight were also significant. Boys were more likely to cry immediately after birth as compared to girls (OR=8.72; 95% CI 1.94-39.2). An increase in weight (grams) was associated with a decrease in the odds of crying (O.R= 0.997 95% CI 0.995-1.000).
Childbirth type was a significant variable when comparing crying behavior between infants. Only three mothers delivered by cesarean section and were not considered in the analysis. Children of mothers in normal delivery were more likely to cry when compared to mothers in instrumental delivery (O.R=5.335; 95% CI, 1.175-24.221). Skin-to-skin contact immediately after delivery was not a significant variable to predict infant crying behavior (O.R=2.345; 95% CI 0.542-10.135). 
Mother caress
The second ordinal regression analysis considering mother's caress as a dependent variable and the same variables in the previous model (mother's emotional state and postpartum depression, infant's sex and weight, skin-to-skin contact and childbirth type) as independent variables showed that the model was significant (X 2 =18.298; p<0.05; R 2 =35.7). The only variable that predicted mothers' caress was the infant's sex. Mothers were four times more likely to caress their sons as compared to their daughters (O.R=3.918; 95% CI 1.083-14.177) (Table 3) . 
Calming behavior
Ordinal Regression Analysis considering infant's calming behavior as a dependent variable and mother's emotional state and postpartum depression, the infant's sex and weight, and hospital procedures as skin-to-skin contact and childbirth type as independent variables, was significant with 54% of the variance being explained by the model (X 2 =29.37; p<0.001; R 2 =54.6) ( No skin to skin 1.000 . Early mother-infant interaction after delivery: A naturalistic study Human Ethology, 34, [130] [131] [132] [133] [134] [135] [136] [137] [138] [139] [140] [141] [142] [143] Mother's emotional state was a significant predictor of calming behavior. Infants whose mothers answered they were feeling 'good' were less likely to calm as compared to those who answered they were feeling 'great' (OR= 0.053; 95% CI 0.007-0.407). However, there was no group effect on calming behavior among women who answered they were feeling 'good' as compared to those who said they feeling 'bad' . Postpartum depression was not a predictor of child's calming behavior.
Sex had a significant effect on calming behavior; boys were less likely to calm as compared to girls (OR= 0.099; 95% CI 0.019-0.519). Birth weight was also significant. An increase in weight (expressed in grams) was associated with an increase in the odds of calming down (OR=1.004; 95% CI 1.002-1.007). No skin to skin 1.000 . Early mother-infant interaction after delivery: A naturalistic study Human Ethology, 34, 130-143
DISCUSSION
Our aim was to investigate if mother's emotional state, infant's sex and weight and hospital procedures were associated with the frequency of infant and mother behaviors immediately after birth. The results showed that infants of mothers who were at risk for PPD were more likely to cry for a longer time. There are two possible explanations: women already showed signs of depression during pregnancy and this predicted higher frequency of cry at birth, or mothers of infants that cried more often were more susceptible to develop postpartum depression. Studies indicate results in both directions. Sons of mothers with depression had a higher frequency of crying and difficulty in being calm in the first days of life (Ottinger & Simons, 1964; Zuckerman et al., 1990) , whilst a study showed that neonatal irritability was predictive of maternal PPD (Murray et al., 1996) . Furthermore, maternal emotional state measured by the answers to a question (women were asked while still in the maternity), also showed that children of mothers who reported being emotionally well had a lower chance of crying and were more likely to calm; so our results support the first explanation. However we didn't find difference on crying duration between newborns of mothers who were 'feeling bad' (N=07) and those who were 'feeling great' (N=39). One possible explanation is our low sample of mothers that informed us that were feeling "bad". It could be that mothers were embarrassed to report their negative emotion at a period considered by society to be 'special' and tended to minimize reporting they were 'well'. Since newborn behaviors were observed within the first few minutes after delivery and, therefore, babies had not had the opportunity to interact with their mothers outside the womb, it is more reasonable to assume that the impact of maternal emotional state occurred during gestation. Thus, Field et al. (2014) report that newborns from mothers at risk for depression present several dysfunctions due to maternal biochemical exchanges during pregnancy, possibly through hormonal transmissions. In a previous study, part of this same project, newborns of mothers at risk for postpartum depression showed a higher concentration of salivary cortisol two days after delivery as compared to newborns of mothers not at risk for depression with a moderate effect size, although the effect was marginally significant (Lucci et al., 2016) . Infants' sex and weight showed a potential to influence the behavior of both the newborn and the mother. Mothers were more likely to affectionately touch their newborn sons; however, they were also more likely to cry and less likely to calm and therefore, maternal behavior may have been modulated by the behavior of newborns. Sex differences in frequency of behavior have been discussed for decades, and considering only studies of early development, males showed more motor activity as compared to females (0-12 months) (Campbell & Eaton, 1999) and a higher level of activity and excitement, and greater expression of negative emotions in the 'still-face' paradigm as compared to females presenting higher language skills and inhibitory control (Weinberg et al, 1999) . The observation of behavior in the immediate postpartum can contribute to enrich the debate insofar as it offers elements to the study of newborns that are not under the influence of the socialization experiences external to the mother's womb. The hypothesis of sex differences in infant behavioral frequency is based on the idea that the brain is influenced by hormones during fetal development, leading to differences in brain structures (Velandia, Uvnäs-Moberg & Nissen, 2011) Considering newborns' characteristics, individuals with greater weight were less likely to cry and more likely to calm. In the present study, our sample was composed only by normal birth weight (>2500g) and therefore it was not possible to determine the influence of low birth weight conditions on the frequency of crying behavior. We suggest future studies focusing on this population at higher risk to assess a potential impairment of the frequency of newborn crying in early development. Our results on infants' characteristics, such as sex and weight in the period immediately after birth, may indicate that individuals play an active role since the first moments after birth, and perhaps even before birth (Gotlieb, 2007) .
The present study corroborates previous findings regarding the importance of skin-to-skin contact to calm newborn and supports the recommendation of this technique for all healthy term babies and not only for low birth weight infants (Cleveland et al., 2017) . According to Feldman (2010) physical contact and initial touch helps newborn's to organize their behavior and physiology and promotes mother-infant bond. Our results are in agreement with the study of Velandia, Matthisen, Uvnäs-Moberg and Nissen (2010) , in that skin-to-skin contact promotes lower infant activity and higher frequency of parental vocalization towards the newborn.
Newborns from normal deliveries were more likely to cry as compared to those from instrumental deliveries. In the present study cesarean sections were not considered due to the low sample number. Both normal birth and instrumental labor require the physical effort of infants to get out of the womb, but it is known that instrumental delivery is performed to assist the expulsion of the baby in cases of risk or when there is difficulty in passing through the vagina. It may be assumed that newborns from instrumental labors are more likely to calm by physical fatigue due to a more difficult delivery. Other possible hypothesis is the influence of stronger anesthesia, used more frequently in instrumental delivery, on the odds of calming-down behavior.
It is interesting to note that maternal behavior towards the baby was not impaired due to the maternal emotional state or the risk of developing signs of depression. Mothers affectionately touched their infants regardless of how they felt emotionally in the immediate postpartum period. Perhaps these results explain the complexity of the effects of postpartum depression on early mother-infant interaction and infant development (Grace, Evindar & Stewart, 2003) . In the Project to which this research is linked, postpartum depression did not affect the maternal emotional availability evaluated four months after childbirth (Fonseca, Silva & Otta, 2010) ; however, there was less vocalization aimed at babies (4 months) among depressed mothers, especially when they had other children (Morais, Lucci & Otta, 2013) .
In conclusion, our study showed that mother-infant early interactions are influenced by multiple levels such as a mother's emotional state, infants' sex and weight, and hospital procedures. As mother-infant interaction was evaluated considering the first minutes outside the mother's womb, the results suggest that infants' behaviors were influenced by their mother's emotional condition and infants' sex presumably by hormonal influences during pregnancy. Skin-to-skin contact also had an important influence on infant calming behavior, and our result may contribute to enhance this care by medical staff shortly after birth.
Future directions
In this study we did not evaluate differences in behavior frequencies between normal delivery and cesarean section. Other interesting aspect is the assessment of how frequently fathers were present at the delivery room in order to study if the quality of marital interaction may affect the frequency of behaviors directed at infants.
